Abstract -Multi-hop Clustering is more preferred than the single-hop one because the transmission range of the Wireless Sensor Networks (WSN) nodes is not determined by the size of the network area.
In this paper, a new complete clustering algorithm is proposed. The new algorithm is designed based on circular partitioning strategy and equipped with a set of energy balancing analysis for determining the cluster parameters. The proposal is split into two stages, off-line and on-line. The off-line stage is done manually before the WSN nodes are deployed for calculating the width of the region and the probability of CHs. The on-line stage is performed autonomously by nodes after they are deployed, for building the clusters and establishing the routes.
Compared to the previous proposals, below are the main contributions of the algorithm proposed in this paper:
1) The proposed algorithm is completely arranged, including the determination of cluster parameters, the formation of the clusters, and the establishment of the routes.
2) The utilization of circular-based partitioning area strategy, which results in the higher accuracy of energy consumption estimation higher than the rectangular model.
3) The selected width of the region is ones that give data route which has the most minimum energy.
4) The probability of the number of CHs on each region directly correlated to the cluster radius is obtained through complete energy consumption analysis so that it will give a more accurate result.
5) The calculation of region parameter and CH probability is carried out off-line before the network is deployed, thus not overburdening the nodes. This paper is organized as follows: Section II describes the related works of the previous researchers. Section III contains explanations about network model and problem description.
Proposed algorithm and the explanation are presented in Section IV. Then, Section V contains explanations about performance evaluation. The last Section contains the conclusion and our future works.
II. RELATED WORKS
Numbers of clustering algorithms have been proposed by researchers. LEACH [2] is one of the earliest clustering algorithm proposed and often used as the comparator for the later proposals.
The purpose of this algorithm is to increase the lifetime of the network by using signal strength as a parameter in the formation determining. The nature of LEACH is distributed, which means that the algorithm is executed autonomously on each node. LEACH algorithm is really suitable for WSN due to its algorithm's simplicity. However, the use of direct link between CH and BS is unrealistic, especially for the network with broad area.
Multi-hop communication is offered by HEED [3] as a solution for the CH-to-BS distance problem. Although has been successful in solving such problem, the multi-hop strategy brings a new problem, related to the load balance between CHs. In the WSN system, all data is routed between CHs toward one point, that is BS, so the CH that closer the distance from CH to BS will be burdened heavier data load that has to be relayed. This problem then is known as hotspot problem.
Many researchers believe that unequal clustering becomes the solution to solve the hotspot problem. This strategy is firstly presented in EEUC algorithm [6] , which is then fixed through UCS [7] and UCR [8] . Although claimed to have been successful in solving the hotspot problem in determining the quantity of cluster parameters, such algorithms are not supported by a comprehensive energy balance analysis.
A comprehensive analysis of energy balance in producing cluster parameter has been proposed in EC [9] . In EC, network area that is assumed to be of a rectangular form, is partitioned into regions with horizontal division pattern. The energy consumption analysis is done comprehensively so that the probability of CH in each region is obtained, having a direct correlation with the cluster radius. Although it looks superior, there is some inaccuracy in energy balance analysis in EC algorithm, related to the network area model assumed in rectangular shape, as has been proven in [10] .
The new algorithm related to unequal clustering is ACT [11] , using a circular network pattern that is not less comprehensive than EC. Network area in ACT is divided into cluster layers; each of them has different thickness. The layer thickness, the representation of cluster diameter, is obtained all at once by completing one energy balance equation of all layers. Although very accurate, the complexity of the energy equation, which acts as the tool to decrease the value of the cluster diameter, is highly complex and growing more and more complex with the growth of the number of the layers.
On a multi -hop network, routing strategy is required for obtaining a most efficient delivering data. There were many routing algorithms that have been proposed, and therefore, our proposed algorithm does not specifically determine the routing mechanism. There are many routing algorithms designed specifically for WSN, e.g. GeRaF [12] , NHRPA [13] , and LEACH-DE [14] .
III. NETWORK MODEL AND DESCRIPTION OF PROBLEM
In this paper, we use the following assumptions:
1) Area of the network assumed as a circle with BS as the center. The area partitioned into some regions with a specific shape and dimensions that will be explained in the next chapter.
2) The nodes are deployed randomly in the area using a uniform distribution. The position of the node is unknown but the any node is assumed has knowledge about its region where it is located. The density of the nodes is also assumed known.
3) The main parameter that be exposed by the algorithm is energy consumption. Other parameters that probably affected by the algorithm, e.g. time delay and reliability, will not be included in the optimization problem. The time delay will be analysis in the performance evaluation as an addition discussion. The reliability problem is assumed has been solved by the lower layer of the network, i.e. the link and physical layers. To ensure that the reliability is maintained, we set the distance of any link is not exceed the maximum below the maximum transmission range of the nodes (e.g. 100 m for Imote2 outdoor).
In 
In Figure 1 , There is no data that must be relayed by CH A, therefore the energy component of CH A is only own E . For one sensing cycle, the energy consumed by CH A for sending 1 bit data is
with A mbr N is the number of member nodes in cluster A, and
are energy for receiving and transmitting 1 bit data, respectively. The parameter  is compression factor whose value ranges from 0 to 1. Given node density of σ node/m2 and radius of cluster radius A being A R , the total energy of CH A is
For CH B, the total energy is the sum of internal data processing energy and external data relaying energy :
By using the energy model as in eq. (1) 
and   
Therefore, the total energy for CH B is
Given node density of  , we obtain
The optimization problem can be expressed as follows: To achieve the load-balancing between 
For more complex model with N levels of cluster, the formulation eq. (11) can be extended into: 12 , ,...,
In the process of clusters establishment, with the assumption that the nodes are uniformly distributed in the area, the target value of cluster radius can be approached by determining the probability becoming a CH on a particular region, as proposed in [9] . By the approach, the network area partitioned into some regions based on the distance to BS where any node on a region is set to have the same probability. To achieve optimum value of probability, we have proposed a new area partitioning scheme that gives more accurate analysis on estimating the energy [10] . Our proposed scheme is based on a circular form as shown in Figure 2 . In the scheme, the sink or BS is assumed to be located at the center of the circle. The network area is partitioned into several segments with same angle β that we called super-regions. And then, each super-region is partitioned into some regions as shown in Figure 3 . The relation between cluster radius of a cluster, i R and the CH probability, i p , with node density
Therefore eq. (5) can be reformulated as 
And eq. (11) and (12) 
With the average of cluster radius in region i being i R then the cluster area is is the longest distance that must be reached by a CH in region i. The variable x is equal to 2 in a free-space channel and 4 in multipath channel.
Energy for relaying data,
The number of incoming data accumulation, i relay N is calculated as
where
so that 
After a is obtained, the next step in off-line stage is finding the CH probability of each region The second activity in online-stage is route establishment. There were many routing algorithms for WSN that had been proposed by researchers. So, in the paper, we do not propose a new routing method, we just simply choose one of them. We only make a rule that must be followed by the routing to be chosen. The rule is any CH must be directed to transmit its data to another CH located in the region below its region.
Both activities on the on-line stage, clustering and routing, did not contain any complex computation such as solving optimization problems. The stage only contains logical operations. All optimization solving processes are performed in Off-line stage therefore the WSN nodes not be burdened by any high complexity operation. The combination of the activities on both stages, off-line and on-line, gives a complete clustering algorithm that ready to be implemented.
V. PERFORMANCE EVALUATION
In this section, performances of the proposed algorithm are compared with those of the equal clustering with the similar network model. We cannot compare it with previous unequal clustering algorithms because of the differences of assumption and network models. The evaluation is performed using Matlab on a computer with Intel Dual-Core 2.13 GHz processor and memory 3 GByte RAMs. The simulation parameters used in the evaluation are determined in Table 1 . Although performed by using simulation, the communication parameter is referred to a real and practical device, i.e single-chip 2.4GHz transceiver nRF24L01 for no-ACK [15] . For completing the analysis, the time delay that affected by multi-hop communication also presented by using the following calculation : 
All other radio parameters also refer to the nRF24L01 parameters as shown in Table 2 . delay is time that needed by a node processor to perform communication protocol. It's meant that the processing delay is increased proportionally to the number of relay nodes. The propagation delay is time that needed by a packet to travel from transmitter to receiver that means depends on the distance. With typical application of WSN is just in distance order about tens to hundred meters, the propagation delay has not significantly given contribution to the total delay.
However, the time delay that be raised is still in order of milliseconds. For commonly WSN applications, e.g. periodical environment monitoring, habitat movement monitoring, and building structure monitoring, the time delay about one to ten milliseconds can be negligible. CH Probabilities can be obtained by implementing the simulation parameters in Table 1 to the algorithm in Figure 6 . For L = 500 m, the CH probabilities be result from by the simulation with three different numbers of region value is presented in 3. From the table, the value of CH probability is proportionally decreased when the region-BS distance is increasing. Until this point, the main objective the proposed algorithm to design unequal clustering is still on the track. P1  P2  P3  P4  P5  P6  P7  P8  P9 The next step is deploying the network and implementing the on-line stage. Deployment method that be used in the paper is similar to the method for evaluating the previous clustering algorithm [4] , [8] , [11] . Figure 11 shows the network after deployed. The Figure 11 .a demonstrates the deployment of all nodes and their regions, and whereas Figure 11 .b shows the CHs that has been selected based on the probability value from Table 3 . The number of CH for each region resulting from in the deployment is very similar to the expected number as shown in Figure 12 .
d. Energy Consumption Calculations
The final step is calculating energy consumptions of the CHs for measuring the performance of the proposed algorithm. The performance is indicated by the balancing of CH energy consumption among the regions. The average of CHs energy consumption for each region is presented in Figure 13 . In the figure, the difference between the highest average energy with the lowest on the proposed algorithm is less than 10 uJ. On the other side, the difference on the equal clustering is more than 30 uJ. It suggests that the proposed algorithm results in a more balance load among nodes compared to the equal clustering. Balancing of energy consumption among nodes in the same region is presented in Figure 14 .
From the graph we can see that the proposed algorithm gives more balance energy consumptions than the equal clustering. This phenomenon arises because the CH probabilities are localized in each region so that the range of cluster dimensions is reduced.
VI. CONCLUSIONS
In this paper, a new unequal clustering algorithm using circular partitioning strategy and based on energy-balanced analysis are proposed. The algorithm is composed by a complete set of clustering activity, i.e. cluster parameter determinations, cluster formation, and routing. The WSN nodes are designed to perform the light processing because all hard processing e.g.
optimization is moved to off-line stage. The width of the partition-region is obtained using minimum energy consumption path calculation. The multi-hop give delay time effect but on real WSN applications, it's not significantly affected the system performances. The probability becoming a CH in each region is calculated using heuristic-optimization based on the balancing energy analysis, so that gives a more accurate estimation. The experimental results demonstrate the superiority of the proposed algorithm on balancing energy compared to equal clustering.
The proposed algorithm in this paper does not yet present the strategy of rotating the role as CHs that called dynamical aspect of clustering. Nevertheless, we believe that introducing the dynamical aspect will not affect significantly to the performance of the proposed algorithm, as long as it is done in the same region. The works associated with the dynamical aspect is becoming our future works, beside the adaptation method from circular to another form model.
